Objective: The aim of this study was to measure the prevalence of navigation problems in patients with mild stroke, using a navigation questionnaire (the Wayfinding Questionnaire; WQ). In addition, the correlations between WQ scores and quality of life measures and neuropsychological test scores were studied. Methods: A sample of 62 patients with mild stroke completed a questionnaire measuring self-reported navigation ability and spatial anxiety. A subset of this sample (n = 31) also completed a questionnaire on quality of life. Additional relevant neuropsychological data were retrieved from medical files and correlated with WQ and quality of life scores.
IntRoDuctIon
Finding one's way around in the world is an important element of human cognition. Such navigation ability comes into play when moving from one location to another, whether from room to room or from home to a different city. navigation ability is one of the main requirements for autonomy and mobility in daily life. Without it we would have to rely completely on the help of others to reach even nearby locations, such as the local shops.
Many neurocognitive studies concerning navigation ability have been published. For example, publications on the distinctions between allocentric and egocentric processing (1, 2) and between route and survey knowledge (3) have been prominent. In addition, the neurological characteristics of navigation ability have been studied extensively, with the goal of unravelling the neurocognitive architecture of navigation ability (e.g. 4) . Such studies entail neuroimaging experiments, but also cognitive tasks in neuropsychological patients.
In fact, there are several recent findings indicating that navigation ability can be selectively impaired in stroke patients. Individual patients may have specific problems with, for instance, map construction or route memory (e.g. [5] [6] [7] . Likewise, in a recent study on two brain-damaged patients, selective disturbances in navigation ability were reported. Memory of the spatial properties of routes was dissociated from memory of the temporal properties of those routes (8) . these findings clearly reflect the complexity of the cognitive structure of navigation ability. Importantly, the patients described in this particular study had distinct self-reported problems with navigation ability, but these problems could not be linked to any cognitive deficit, as observed in an extensive standardized neuropsychological examination. this strongly suggests that, at present, suitable neuropsychological material to assess such navigation problems in detail is lacking. Despite elaborate studies on navigation ability in neurological patients, the matter of neuropsychological testing material has been neglected in the literature so far.
Furthermore, navigation is often not explicitly addressed during neuropsychological examination or anamnestic interviews. Any indication of getting lost frequently can easily be thought of as a more general cognitive problem, such as impaired memory or executive functioning. Patients with mild stroke are of particular importance here. typically, they live autonomously and are able to take care of themselves. Mobility is vital to how they spend their time, as it improves the ability to interact socially, to perform simple tasks, such as shopping, and to increase physical exercise (9, 10) . Stroke patients with a high functional outcome, those who walk and talk, are often IS nAvIgAtIon AbILIty A PRobLEM In MILD StRokE PAtIEntS?
InSIghtS FRoM SELF-REPoRtED nAvIgAtIon MEASuRES discharged home within days. Although it has been widely assumed that these patients have no cognitive impairments, recent studies have proven the contrary (11) . these studies are in line with the potential occurrence of navigation problems in this population, as they reported that ischaemic stroke patients with a high functional outcome showed impairment in executive functioning, attention, and memory. the foregoing illustrates that the scope of navigation problems in patients with mild stroke is largely unknown. It could well be that a substantial number of stroke patients experiences specific navigation problems that have not been explicitly recognized. In turn, the limitations caused by these problems may have dramatic consequences for everyday life and mobility.
In this light, the main research question of the current study concerns the prevalence of specific navigation problems in patients with mild stroke. to answer this question, self-report information (the Wayfinding Questionnaire; WQ) was related to neuropsychological data and a measure of quality of life. It can be argued that recent technological advances allow for the use of virtual reality tools to provide more objective measures of navigation ability in this sample. however, this would not serve the purpose of creating a fast and easy-to-use tool during neuropsychological screening. the questionnaire used here serves this purpose, as it can easily be implemented during regular neuropsychological examinations.
this approach allows us to assess whether navigation ability may have been wrongfully neglected in neuropsychological assessment and rehabilitation treatment. If a strong link exists between navigation ability and quality of life, this would stress the need for attention to this cognitive domain even further. A secondary question is how effective existing standardized tests are in objectively measuring navigation ability. therefore, the available neuropsychological test results were considered in order to investigate further the extent to which navigation ability is reflected by these standardized tests, or whether the employment of other, more specific, instruments is required.
MEthoDS

Participants and procedure
Participants were stroke survivors who had visited either the outpatient rehabilitation clinic or the neurology department of the utrecht university Medical center. Inclusion criteria were: (i) a first or recurrent stroke; (ii) age 18 years or older; (iii) living autonomously; (iv) able to walk without support; and (v) activities of daily living (ADL) independent (barthel Index > 16). Participants were excluded if they had insufficient command of Dutch or if they had another disabling condition or had communication impairments, both indicated by a score of <6 on the shortened version of the Aphasia Scale of the Dutch Aphasia Foundation (SAn).
Stroke survivors were asked by their rehabilitation physician whether they were willing to participate in the study. they completed several questionnaires and returned them in a self-addressed envelope within 2 weeks after recruitment. this study was performed with approval of the local medical ethics committee.
Measures
Demographic characteristics concerning age, sex, marital status, and education were collected. Education level is based on the classification system of verhage (12) , with scores ranging from 1 (lowest level: primary level education) to 7 (highest level: finished university level education). Data on stroke characteristics, including type of stroke, hemisphere involved, and time after stroke, were obtained from medical files.
Many different cognitive components are involved in successful wayfinding (for review see (13)), which can be impaired selectively. Based on this theoretical framing, an extensive questionnaire was constructed entailing a wide range of questions in subscales reflecting these components (unpublished data). From this questionnaire a set of questions was selected for the current study, based on their relevance for the current sample. The subscales in the WQ are navigation, mental transformation, distance estimation, and sense of direction (translation included in the Appendix I). In addition to these scales reflecting ability, a subscale concerning spatial anxiety was also added. this subscale indicates the level of anxiety experienced when navigating on one's own, for instance in a new city during vacation. Apart from the cognitive ability to navigate, anxiety level could also have a considerable impact on mobility, as it has been found to be closely linked to navigational strategies (14) . The WQ consisted of 22 questions. As age was found to have no effect on the scores on these scales (p > 0.10), a sample of 384 healthy control participants (mean age 38.4, standard deviation (SD) 17.0, range 18-85 years) was used as a reference group for the interpretation of the scores.
The short-form of the Stroke Specific Quality of Life Questionnaire (SSQoL) reflects self-reported health-related quality of life, based on two subscales of physical and psychosocial quality of life, with 6 questions each. Psychometric properties of both the subscales and the total scale are sufficient (15) .
For all patients, neuropsychological test results were extracted from their medical files. A post hoc approach was used here, in which all available test scores were consulted for each patient. Specific attention was paid to tests measuring spatial perception, attention, and memory. 
RESuLtS
Participants
A total of 62 patients (36 males) returned the questionnaire and were included in the data analyses. In table I the means and SDs of demographic and stroke characteristics are provided.
Wayfinding Questionnaire
In table II the mean scores on all subscales of both questionnaires are provided. WQ scores were compared with the mean scores of the control group of 384 healthy participants, also provided in table II. All scores deviating more than 1.65 SD from the means of the control group were marked as impaired, as they reflect performance in the upper or lower 5% of the distribution of control participant scores (20) . In total, 18 patients (29.0%) showed impaired scores on at least one of the subscales, compared with 16.9% of the control group. 24.2% of the patients showed impairment on the navigation subscale (15% of the control group); 9.7% was impaired on mental transformation (4.7% of the control group); 9.7% on Navigation ability after stroke spatial anxiety (1.8% of the control group), 1.6% on sense of direction (1% of the control group); 0% on distance estimation (1.8% of the control group). A more specific examination of the data showed that 43 patients (69.4%) showed impaired ratings on individual questions (ranging from impairment on 1-18 questions per patient). Appendix I shows the percentage of patients with impaired scores for each question separately. 
Health-related quality of life
A correlational analysis, adjusted for multiple comparisons, was performed on the ratings on the WQ and Quality of Life questionnaire to study the correlation between navigation ability/anxiety and quality of life. In table Iv the correlation coefficients for all subscales are provided, along with an indication of significance. All but one correlation (WQ Navigation and SSQoL physical) were significant, and all correlations were positive with the exception of those including spatial anxiety, for which higher scores indicate higher level of anxiety. For all other subscales of the WQ lower scores indicate higher levels of impairment, and for the SSQoL higher scores indicate higher quality.
DIScuSSIon
This study aimed to investigate the prevalence of specific navigation problems in a population of patients with mild stroke. Self-report information was combined with available neuropsychological test data and a measure of quality of life, enabling the examination of whether navigation ability may have been wrongfully overlooked in neuropsychological assessment and rehabilitation treatment. the results indicate that, in our sample, 29% of the patients were impaired on navigation ability according to their self-reported scores. this means that a substantial proportion of patients reports notable problems in navigation, many more than was found in healthy control subjects. Moreover, the impairment appears to be spread over the different subscales, with the exception of the distance estimation subscale. this illustrates that the complexity of navigation is also reflected in navigation impairment. There is no unitary pattern of this impairment, as the precise characteristics vary between individuals. In addition to the finding that navigation impairment is a prevalent problem, the impact of this impairment on daily life was considered. based on the effects of navigation on mobility it could well be that health-related quality of life benefits from high navigation ability and low spatial anxiety. the correlational analysis including both questionnaires showed strong correlations between almost all subscales. navigation ability subscales correlated positively with the quality of life measures, indicating that, indeed, quality of life is closely linked to that ability. Furthermore, spatial anxiety correlated negatively with navigation ability and with quality of life. this suggests that, by increasing navigation ability in individuals, it might be possible to reduce their spatial anxiety, and by doing so also improve their quality of life. In addition to quality of life improvement it is likely that other relevant characteristics, such as participation in community ambulation, could also benefit from better navigation ability, as it has been shown that this is affected by cognition (21) .
Available neuropsychological test scores were included to address the secondary research question: can standard neuropsychological tests predict the amount of navigation problems? This was confirmed to a large extent, as there was only one significant correlation with a WQ subscale present. The Rey Complex Figure delay correlated significantly with mental transformation. this can be explained by the mental reconstruction required to draw the figure from memory in this task (22) , which is conceptually linked with mental transformation. this outcome underlines the limited predictive value of standardized (spatial) neuropsychological tests with regard to navigation ability and even with quality of life.
It should be noted that we used the subjective reports as the criterion for ecological validity in this study. While we thus have a direct estimate of the number of daily life problems and the impact of these problems as experienced by the patients, this method is not without limitations. Scores depend on the accuracy of the insight patients have into their own performance. however, the questionnaire can be used as a short screening tool, which can be followed up by more objective testing in, for instance, virtual reality environments, if questionnaire scores give reason to suspect navigation impairment in a patient. Such virtual environments are of particular interest for stroke patients, as they provide a safe and controlled experimental set-up, with ecologically valid measures (23) .
Another limitation is that we included a relatively small sample of stroke patients. Future experiments should be performed to establish the correlation between these self-reported measures and objective measures of navigation. Also, available neuropsychological test results were limited for some patients in the sample. nonetheless, given how little attention this matter has received in literature and clinical treatment, it is of importance to bring this issue forward.
In conclusion, navigation problems may have a higher prevalence than previously thought. In particular this may apply to patients with mild stroke, who are generally assumed to have no major cognitive impairments. Moreover, self-reported navigation ability might be linked to quality of life and to spatial anxiety. this certainly deserves more attention in future research; could quality of life be increased and spatial anxiety be reduced by improving patients' navigation ability? In addition, relevant and commonly used neuropsychological tests have been shown to have very limited predictive value for navigation ability, which could well explain why the matter has been largely neglected in clinical practice. We recommend that patients are questioned specifically about potential navigation problems and that new cognitive tests to accurately and objectively measure the prevalence and extent of these problems should be developed. the current results call for further research on the diagnostics and treatment of navigation problems in stroke patients, a topic which may have been overlooked due to the limitations of available neuropsychological material. 
